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(54) NONLINEAR DIELECTRIC CONSTANT MEASURING INSTRUMENT 

(57)Abstract: 

PURPOSE: To enable observation of the micro-distribution of a 
nonlinear dielectric constant the crystal status of a dielectric, and 
the micro-distribution of polarization by applying an alternate 
current signal with its specific frequency to the minute region of 
the dielectric. 

CONSTITUTION: An alternate current power supply 9 generates as 
alternate current electric field Ep in a minute region 2a of a 
dielectric sample 2 by applying an alternate current voltage Vp with 
a frequency fp to electrodes 50 and 4 to be measured and outputs 
voltage Vp as a reference voltage. The minute region 2a and a 
capacitor unit 1 comprise a resonance circuit 10. An oscillator 20 
generates an oscillation signal in which the oscillation frequency 
varies in response to the frequency fp and a ternary induction rate 
&epsi;3 of the minute region 2a. An FM demodulation circuit 26 
frequency-demodulates this oscillation signal and outputs a 
demodulation signal with its amplitude matching the frequency fp 
and dielectric constant &epsi;3. A lock-in amplifier 27 
synchronously detects the demodulation signal based on a 
reference signal and outputs a direct current signal with its 
amplitude matching the frequency fp and the dielectric constant &epsi;3. 
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(57) KM] 

r*««^Rt, ±E3fi«fll^S««*«HbT, ±E 
3S^M^«ft&8c£±E»/h«#(D#iS^Rm#K#JS 

u fcjgin £ « &«»flre t l Tai a -r * 




1 

[<tffftt#©SSB] 

±ER®#©$g i ©ffiic»ja$nfc* 1 nnrnt. 
±Es§m#©ai 2 ©Bicaw-r •& «t 5 enfe^jg 

±E»i©«at±BS^©Mi::tt«3n, ±br* 
±ism 1 romffit±iB® 2 ©matropflic&ig^nfcR 

±E5Bfi«^£H8Rtt>lbT, ±E3S«.flW©H«* 
Bo 

±ewi#©8 1 ©Ht»j«snt* 1 com^i, 
2 ro^Si, 

±E3n©3ffi£±ESS2©«ffif;:8Sjift<*n, ±ES§« 
±EfB 2 ©m®£^LT±ER«#©^/jN^I;:3 , fih*- 

±myt\i-&t>mft2titct%\z, ±.mmw.&owhm 
& »j£-r § z. t zmm t r z> immmmmm^m 

±EttSS«^lcS^l5T±ESim#0%/J^^CD#l8^ 
Rggs£iHJt?- 5 C t*»«tf 1 Xtt 2 E«S 

©#«U&RSs|5ill!]£gB. 
[»*»4] ±E#fiEJKtt. 



(2) #IS¥8- 7 5 8 0 6 

2 

E*|gto#JfcS±E*#^-X©W*i&l;:»oTJ:Bfc 

IC«»t 6nfcRtt»««0±E* 2 ©mat 
±E*fl^-*©te#©«Ii#±ERflra©±ffifc»tt 

mim 5 3 ±B#«a^R«$HS£8BB$ & K, 
±ESS 2 ©«ga*±ERa#©SIS 2 ©ffi±Sr^S-r-5ck 

4 E«©#«8^R*^m^SB. 

6 ] ±£&K«Rtt*a£&BI;i3 £> fc, 

SIC. ±ESf 1 ^7C^(S]Xtt 2 ^TU^ftT^ifrf 

z&W)^mzffi7Lfcz.t*®®ttz>mxm2x\t3m 
mwammtztsffl) 

[0 0 0 1] 
[0 0 0 2] 

[ft*©ft«] ifi^, »»#a«JB#tt*Bi«5 i /W;* 

ft; • **2rtbwa*, -f-ne>©^{rfflv»e>nTVi-5ff 

«*f»©««*«©#*»1*tt*»*«T*»:t>ttSiCJS: 

ifiTtt*©«IRft;©9rat>**fcite*«fctf, #1&ft© 
50 jg^iSS^ U-^©jSffl£BW<hLfcW&*>S5gfcfT 
&t>ntV»5. JX±©«fc3fcffi«*m©*fflWae*«iSJ6 

<Dwm^mmm<D#®m<&mzm&<Dmmn#tt®<D 
&<Dtim<DW.m<Dmffl\z\z, xm^miz^^^-m^. 

V — Y 5"7 -IUKfck 5 D - E 6M8©S8J|fc d? t 
[0 0 0 3] 

fr©»ii© 2 ^ □ ©##<?>, m&.&<n#mmfe&.<D s. ? 

n©^©an^«T€^*^fc„ 
[0 0 0 4] #5HI3©B«»i, ±EIHHBj&£*ftl/T, 

©»aitt*^»s© 5 i7 □©#**«»■*-<& c: t*tT^ 

[0 0 0 5] 

50 «©#«Jgjgf^S)^SBtt, S^C»lS]-r*»l©B 



3 

&ot. ±er«#©si 1 ©Bic^stt&su <nn& 
si 2 ©eat, ±.mmi (Dnmt±.mm 

2©«ic»«$n. ±ER*#0«/WBttlc0rje©R 

*i©««st±e»2(oftffitroiBnc»ttanfcR«# 

©&/J^«©**A->:5'<J:, -f 

SftfcLC#SEH»£||;t-c, ±ER*#©«/JMWWK: 
±E3S*«^*»BHloanft:t*K, ±E£««*©«« 

*«*fl:-r*»«flr^*sift-r*«s*»t. ±eosfli 

^£Ji«»S[PbT, ±ES*flMI©Htt*£±Btt/h 

a^tbTtHa-tsawatsa*.. lEiit^i: 
stJt»T±E«*«:©tt/wii«flD**»«fMssa3rr 

[0006] fiHRm2mmo#mmmnmmfems\t, 

#«aR«*»1£SRT*t>T. ±ERtt#©Jg 1 ©ffi 
fc»J«anfctBl«>«t. ±ER*#©» 2 ©ffifca 

*anfcaw*r»icTa:«t!2«!)fi«a:, ±e»i©« 

±E5B 2 W*at^UT±E««#C!)*/jN««lc 

SrfiiA, ±E«a«^C*^V»T±EB«#©*/h«« 

[0 0 0 7] M*9 3e*0?imRtt¥ai£gBI*. 
1 Xtt2 E«0**»««*«iSSIBfc*t»T. 
3 SIC. ±E3SJ8l«^CS"^HT±E«««^*HJWIft 

5*KfattM, ±EB»a*»l::Sr*HT±ER« 

[0 0 0 8] M$a4Ea0#*aR«*ig|£&RIC* 
T. ±E#«lHl&tt, SlMC^lBj-T-B 2<@©Jgffi^(iA. 

&H««Mfc£iru ±ER«a#ro— #®aaa»«»s 
nx^iaa n^^ffi^©jssic§s QgR^^r-r-s^^- 
xt. ±e^^t-x©— ^©Es©f ^(ca^sn. 

A^±Ea^g|5^^±E^ft^-X©ift4 I 'C>t;»oT 
±E5fcfflgBa<±EBBPgB£T&ft-f-5«fc 3 £±EjB#^ 

-xi*gt»^6nfcntt»tt©±Egi2©«atsfli 

±E«ffy-x©ffi^r©jgffi*t±ER«ft:©±Mtc 
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4 

[0 0 0 9] 5 gtO#8Igt«g|g|t 

tt*9(l. 3Xtt4E«Q?imR«¥H«£BIC&fr> 
T, 3 SIC, ±E»2©*«#±ER*#WflS2©ffi± 
*jt*r*J:3t. ±E««#*lJfc5c*|RlXtt2^:7c 
2frtn?»»-r*»»*asa;»l;fc;i t zmwttT*. 

[0010] 6 E»©2MRJBRSs?58gsgggW:, 

R$a 2 Xtt 3 G*0#awR**M£8EBK:«fr»T. 

^ei:, ±E3eja«^a»:«toTna»anfc3ttr-Afi: 

[0 0 11] 

[flUB] Rjfca 1 E«©#*6JgR««J^SBC*u>T 
14. ±E«BEWJn*att. ±E&l©«ffifc±§Bg§2© 

fclCkoT, ±EB*#0*/JN*«IC±ES!»«^*B1 
JjOf-S. ±E*S¥Sf4. ±ER«#flD*/WH«K±E 
«Mtaa*HHliattJfci*K:. ±E£Sit«^©^&&<!: 
±Ba***©ll*»R«*fc#j&bTBSffl»8ca«a 

±E»Saa«HaftaSlbT, ±E3Sf«fi^©H»* 

t ±amn#<ovtfrmm<Dft»Bnm,*\zi>tfc b fc«*g 

ft*t«W*t«flftbT(tt»t4. *l,T. ±E 

[0 0 12] RjfcJi 2 E«©#»fl£Ra$si8lJ£g 

±8E» 2 ©Sffilc±fE$St«^£EPJQ-r 5 atio 
T, ±ER«#©«/h««fc±E3S!SSe-«»fe8iairr-&. 
JO CtlfcinT, ±ER«#©*/WH*©3tK#*tt. ± 
E£aaa£±ER«tt:Qa/.hR*0#*JgR«*i;:ft 
*LT»fc"r*. ±E3tHR»¥a*«, iCaifltt 
»CTa:*JB2 0«as^L/T. ±ER«#ro«/h««K 
K#£-A«Rlfrsi. ±ER«#©a*«*tt. ± 

atttbTEar*. ±ex«xsi^fttt. ± 

ER**0«/jN««*»SEJt*n*S»*Sr3t««a b 

T±ER«#©a/hfH*©3tt*»*«lC*»t-5**»R 

[0 0 1 3] S&fC. »#K 3 E»©#aj&Ra*&ai5g 
JtatiSViTtt, ±i2&i£?a(4. ±E3S«E<i-^tCS^ 
V>T. ±E«««^SR|J«a»UT±E«ftflr^OS« 

Kafjfcb&aaaasttia-r*. -eur. ±Eias5«^ 

£S^v*T±GR«a:fl!>a*«*0!>*a*04t*«aa 

r*. 

[0014] m#m4®m<D#mM®n&mfem&\zi$ 

HTIi. ±E#fiSBtt, #£b<[4. Sweatier* 
50 *OJB5BB«««*anT*j8Sn*0«B56FO«ffiKRD« 



(4) 

5 

+'Cffc*«*n. J&o±EiIiS«aa»S±EBft:$— X 

©tt+ T±Ejt*»jo*±EB pgB^-eigft-r & 

2©m&£ftfi;L 1 ±12^^-7. ©ffi*©Jgffi*i±IB 
BBB©±BK:»»L-T!&:* Ul>h7> h£K#Jg§§ 

[0015] n«3i5eRc!)#«mHi«a£aK«icjs 
uTtt. b#bi. 3xtt4E*®#BBBBBff£g 

BOitB^Ki^gtt, ±E» 2 ©Bfi**±EBB#<0fll JO 
2©ffi±£j£3&f*,fc3l;:. ±E«B#€ 1 *7G2ffilX 
B2i*5G35FflnrfMW-*. cnCiot, ±EBB#© 
Bffi±©B»±Xtt¥ffi±©B»ttB«fi::&Tt5l&B?B 

[ooi6] M$a6e«o#a»flf«*fl£ttBic43 

UTtt. M£B2-XB3e«0BB»BBBB££Ba 
±B»»^gHi, _hEJfcBB#8l;:«k o TM#t£ ttfcft 
b'-AlcSfLTgHC, ±ER*#SlJfc7C*ieiXtt2 
'■k7iJjfa-v®W}-fz>. :ni:J;ot. ±BBB#:©£ffi 

[0 0 17] 

[£B0!l] BIT. BBB*fflV»T*«Wfc«53fett«tr> 

<s*s]i?§>ia i \z*3twiz%z#mM®nmmizmw 

©S#[a!S&ft7nT -y i7 0T&£. 
[0018] HI ®3IMI»B*M£&BI*. ( a ) fl 
S»f pSr*-rS3SSg«BEVp*^±UT, «fl£BB 5 
0 t mm 4 iz ±E32««JBE V p ft BJflrf 5 uilciot 
«*#tt»2©tt/WH«2 a IC3*«B*E 30 

miS9i:. (b) ±e«*4t±E«3tftff5 0fc»ER 
Sftft*M«2 8t, l«4i, »]^m«i5 0 tlCck 
oTBj£$n5*r/v>^|flift^iy&ig|i|gSgBi Oft 
BAiEXBBff V p #±BBfi4 £±E«JjfcBfi 5 0 
lcWJQSftfc££fc5BSB»»*«±EH»» f P i:^;/jN 
BB2 a©3&0>«BBe»(C#J6:LT»SB»»anfc 

fl:"r4»««^s«^r*»s»2ot, (c) ±e» 

fiffi*»S«tt»«»lbT±E«»* f P t±Eft/WH* 

»BBB£LTWar*FMBBEB2 6i. (d) ± 
E»B«^KS^>T±BBBB^*raMtt»L-T±B- 
J^iSSf p t±E«/h««2 a © 3 &©8f B* £ 3 tCjfct 
J£LfcJgiiIft^T5ttSSfi^ftffl#T5ny^'f >7> 
72 7 tftBA. ±EB/Jn««2 a©mMWM«©3^ 

£. 

[00 19] «TBBOJ^THl©**EIB«)«BSr 
BBfcKWr*. 

[0020] mi tc^-r A 5 fc. ±EABOBB 1 0 50 



#gg¥8-7 5 8 0 6 

0 

a. ^B*a^2t, ts4i, steBffisot, bis 
37 1, n-Yji/6 tizz^rmf&znz,. _lbbb#h 

»2tt. BJPfT&±ffi£TBSffU -hESSB#«®2 

©Tffifc±EBS4«t»jsaft«. sijjgmssote. £ 

cfc^)«95 5 0 a*#f<b«#lcJ:oTBj«sn, ±E 
£BB5 0 a*t±EBB#ttB2©±Hlc»f*«fc'5K: 
@5£Stt5. ±EBB#tt$2£BS4 tfitegffi5 0 
fi*ir/V>*«i *««f*. $&, «««7tt±ffilc 
MHrift«M(8m. J««#K£l2ft^-©S 
ffl±l::«HLT«8U #ott£Mffffi2 5ft)&®ffl8 
B^lCJfcgLT, BB&BB2 £±EM£ttB 5 0 ©5fc 
«gB5 0 a*t±EBB#K»2©±®i»L&#ffi€B 
t> fci; SSSmftiSft 2 ft-*7C^(6]Src«z:^7n^[6jlC 
S6IC> 3-fJP6tt-f >^^>^Lft* 
U -tO-BttBJeBBS 0&r/BttfitftlHlB5©A* 

BicB«sns-£. *©BBttBS4K:»tt3n*. 

SfcS&C. £BBiB9tt, SBBEV p £8Sje*S 5 

o tis4 ti^EPjnrs^ttCcto, ±em£bb5o 

iBB4omt*M-«-<5BB#«»2©a/MB*2 a«c 
XMEBUE p ±E3S8SBBEV pftS 

BB^tbTDy^-f >7>^2 7{ca*f<5. £UkD 
±3fc«BSnfc#Bl3»»l OCfci^T. IB£BfiS 
0©ftiggB5 0 at. «4t, 5 0 ©5fcii&g|! 

5 0 a fcBfi4£KJ;oT»RSn&BBtttSB2©B 
*BB2 att^-W^^XC s SBriJl/T, 
±Jfi©J;5l'3-f;U6«±E+^>'t>'^>xc s icMaaj 
Ctt*«k-5C»B3nT^-5©T, -tE^-W^^T. 
C s ti:E3>f;U6f4LC*BigB*BBf *. COL 
C#fi@Bttftttttffi@»5fc«tt£nT, fggl§2 0 
ftBjEK-T-5. BSS2 0KB«BiEr*«fc5lc*-fr/tS/ 

^>xcs oBflic«jsixTB»ft«nan&BBB^ 
*BBbTB*i/FMBmiB2 6ica»r«. FMB 

l§I5iSS2 6tt > BBRXnsnfcBfiB^SBBILTB 
BB^ftny^ >7>:/2 7Km*"T*. 

[0 0 2 1] D-yi7-T>7>7'2 7tt, 13 2 fC^f =fc "5 
C. AMfTl, T2t. B«S2 7 1t. jg^gjg 
S2 7 2t, l^ts#K§§ 2 7 3 , 2 7 4t, 9 OfS^ffi 
S2 7 5 t, iSS-e*5i-&S2 7 7 a, 2 7 7 b 
fi^iiiS7-f JU* 2 7 8 a, 2 7 8 bt, tti^JST 
T3, T4tl;J;oTliSn4. B«8 2 7 1 K, A 
A^fT 1 S^UTA*Sn*BB«^&*BUTH« 
»EB 2 7 3 Ktti^TS. H^B»E§§ 2 7 3lt 
nfc«BB**RlftaflBL-Tfi£«2 7 7 at/g^gg2 

77b (ctb^-rs. -tj, mm^m 2 1 2 «, 

fT 2 ft^t/TA*3n»:BBBB*^BBCB»L.T 
Rffi^ES§2 7 4lCffl*-r5. (Sl«»ES2 7 4tt < ig 

wm&Wi2 7 2*»sa*sn*»p«B*raBT»Ei/ 

Tig^S2 7 7 b£9 0g^ffi§§2 7 5lCttJ^TS. 9 
0S^ffiS2 7 5B. »BB#**BB#©«B»CU 
HT9 0«fc*»tBBLTfi^»2 7 7 alcm^T-5. M 



(5) 

7 

tmzmni>Tm-£L. ±ia«Bi«*i©««fti±iBS 
m &ft©*n t m<nm &ft s \z&m t 

T&A£i§i®7^7l^2 7 8 a Kitt^f 5. ©^ili®? ^ 
M 2 7 8 a (J, A*^n-5S-&^CDfg-^CD^*,(0itSit 
{^©^ailS-ttTtHJ^T 3 ^LTW^JEV 
a, £g^$IM2 SlCffl^fS. ig£§§2 7 7 bti. 

©/i&fttigBg^ft^ro/imftwftch^wjimft** 
■r^{i^tc^gii,T. {£*ifii©7^;^ 2 7 8 blCtll* iO 
{£J@aji7^;U^2 7 8 bte. A*Stl5IM 

©^©5^©itt^e^©*£aia£ii-Tffi:ft« J fT4 

£fl-LTffl#mJEVa 2 £;8^f!i!|ffilg|$2 8 3. 
HT, {&®m&7J))s? 2 7 8 a^£>tti#£nS*J£ 

va.te, stp<t^^*9 og£W*s2ttT«int^£ 
mwznfr-Di&i&ztiiztitc'&cDm&omftmz I v a 

2 7 8 b*^ffl*Sni>fl£Va 2 li ft2T 2? 
[0 0 2 2] 

[tl] Va. = |Va | • s in* 
[ft2] Va 2 = I Va | -cos* 
[0 0 2 3] &j*fflfjlffi2 811 P-yi7-f>7>^2 7 
^e>A^$n-5ta^«JEV a i ttUAiEVa! tfr*> 

wt/mjE I va I t&fflM<p£*n-i?n;fc©ft3 1»4 

*fflViTjg*LT. nyir-i >7>7'2 7 ©fflftfiJEE I 
V a | , Va . , Va 2 £:8M8fWffilS&2 5^6X*an 
^)fiB{t^©-5*,^e,it^Snfe»]^filS:5 ; ^X^l/-1' 30 

a^Mfflgi5 2 8 ©ftSMI^ 
Icfto T&A 7 ;* —9 ©&ffi£«*T 5. 
[0 0 2 4] 

[S3] | V a | =■/" (V a i 2 + V a 2 2 ) 
[ft4] <p = t an- 1 (V a . /V a 2 ) 

[0025] utn&?\zmfci*nTzm*m'&*m7LTz 
#«»K«*««««t4j^T. ±e««#K» 2 ©» 

^««2alC. X««iB9t«fcoT«IS««5 0 t*« 

4 iCjil&ft f p £*TSIE&irrc&-53£5itmjIV p £EP 47 

JDf 3 ±BB*MMH«2 a fc±fla£8S«EE V p <OWM 

S jEK»"Cfc<5S9!{*#E p *«£-rs. 
35cS«EVpt?5St«#Eptt. ft5TS£n3£Jii& 

Vpott^«t«BEVpCO«i|i-C$)0, Ep.ttXatttHiE 
P©SifiT$>-5. 
[0 0 2 6] 

[ft 5] cop = 2 ?r fp 

[ft6] Vp=Vpocoswp 50 



Hi¥8-7 5 8 0 6 
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[ft 7] Ep = EpoCOsa>p 

[0 0 2 7] Sfc, £tft«ffiVp£EPJDL7ct£©±E 
Ept2^®M$E 2 £3#©i§«3£ £3 t4^©g 
[0 0 2 8] 

[ft 8] £t = £2+£3Ep+(l/2) £iEp 2 

[0 0 2 9] CCT, »8tt«T©J:5C*<Jlt*fC 

af«Dt**Eti*jasx*j^-ut«55Wx>^;nf 
-H©&#£-£-*l-?tldD. dE, d U, dHttS 

[0 0 3 0] 

[ft9] dU = EdD 

[ft 1 0] H = U-ED 

[0 0 3 1] H±C»9t»10*S*»dHH:. *© 
ft 1 ltgStlS. fc-aT. WCttKDiiftl 2TgS 

[0 0 3 2] 

[ftl 1] dH = — D d E 
[SI 2] D = — d W/ d E 

[0 0 3 3] -A\Z, m^X>^7Hf-H€r«#EroB5Sc 

tuTis^T4^©^iT-r-^-jg^rst. mmw 

x>*7l>bf-H«;fc©»i 3-c^Ae>n^o 

[0 0 3 4] 

[ftl 3] H=(l/2)(d 2 H/<?E 2 )oE 2 +(l/6>(d 3 H/ 
3 E s )oE s +(l/24)(<? 4 H/<?E 4 )oE< 
[0 0 3 5] d IT, 0'A<DWt, *#E=0TaiC^ 

^. e.nsx*M-s 0 tts 1 ti:± 0 0 1 i/fc, £ 

It. l$L<Dm$. «l?-E=0Tm^SD = O(C^^C 
ttSl 2W^0l:&5. SI 2tSl 3^<E> 

«JWS«Dtt. *roSHT^ns. 

[0 0 3 6] 

[S14] D = -(3 2 H/«? E 2 )oE-(l/2)(<? 3 H/<? 
E»)oE ! -(l/6)(5 , H/5E , )»E I 
= £ 2 E + (l/2) £3 E 2 + (l/6) £4 E 3 

[0 0 3 7] dCT, -(<? 2 H/5E 2 )o = £ 2) -(«7 3 
H/3 E 3 )o = £3, -O'H/d E 4 )o = £< 

^*tPf^, S&WJgM^ftlcttJfcbfc e s £ 3&<DM 

nmtwtf, 4-A<nmmmmzMmvtcsA^4^<Dm 
nmtif/u-cKz. sec. shcu^t, £»tm# 

£^3f£D p i lt. ±E*/h«*AElc»*:Ufc«/h 
A D tr 4 t . ft 1 4 «^©ft 1 5 ©«k 5 IC 
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[0 0 3 8] 

[tl 5] D p + AD= £ z (E p + AE) + ( 1/2) £ 
j(Ep+AE) ! +(l/6)£ ( (Ep + AE) ! 
CO 0 3 9] CCT, i*8SDplJ, JfcCDftl 6 Tf§ 

CltTitT^. ftl 5CD?g2Jl©ADteft 1 7£D«fc5tCS 

[0 040] 10 
[ftl 6] 

Dp=£ 2 Ep + (l/2)£ 3 Ep 2 + (l/6)£ < Ep s 
[ftl 7] 

AD=£ 2 AE+£3EpAE + (l/2)£ 1 Ep 2 AE- 
= l£!+£iEp + {l/2)£<Ep ! )AE 
= £ t A E 

[0 0 4 1] ft 1 7A»f.i^M±5i:, «/JnS#AE 
t. SS/jN«I^AEtJ:oT^-r-S«/h«^SAD(D 

M©Jt«ffifte ttUS8^<ctms. * 
*»&£:. x**»Ep©i«!*£#*p©ia]satii! 

<0l*lftS££T, JEfttfEIETS. Sfc*8t4SHT4 

±eR<fc<0««*tt2;*;, 3^, Rtf4*©SMMtt:Jfc 
ht. ftsii. 2 o*»^rAa) i %7c(ds% 

->^>xcs«, ^§m^£ t icjtwr^cD-c. ^m#t£ 

« 2 d tm^mm 5 0 ©ft«gB©®«i: 

» 2 (Cj;oTfc£5IE©£ftC e t*8*«V»T*fl)t 

1 soi-sicS-f 

[0 0 4 2] 

[ftl 8] 40 
Cs=Ce(l/d)( £ 2 + £3 Ep+(l/2) E-Ep 2 ) 

[0 0 4 3] *fc, ft 1 8TiSnS + t^y^>XC 
s «, &©ft 1 9T*anS^^/t->37>xCo 
ft2 0T«aft£*WV>*>3.aMfcftAC£ffll'>£«!: 

ft 2 1 ©«k5 K:«-f;i 3. ;;t, ^w^* 
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[0 0 4 4] 

[ftl 9] Co = Ce(l/d) £ 2 
[ft2 0] 

AC = Ce (1/d) { £ 3 Ep+(l/2) £< Ep 2 } 
[ft 2 1] Cs = Co+AC 

[0 0 4 5] ft7T«atX-53SsS«#Ep&ft2 0©t 

21cfU.LT. aetcft2 2T*an-5H^raft©iiic 

ftfflV»T*»T*t. ACt±ft2 3©i^l:*1-Ct*s 
[0 0 4 6] 

[ft 2 2] cos 2 (cop- t) = {l+cos(2cop- t)}/2 
[ft2'3] AC = Ce(l/d){ E<Epo 2 /4+ £ 3 Epocos 

(cop- t) + (E« Epo 2 /4)cos(2cjp- t)} 
[0 0 4 7] a SIC, ft 2 3tt. M24tS2 5 fc 

ft2 6 TS$n5^ t/V>?>X^ftiAC! , ACj, 

AC< £/8«/>TR2 7 ©«fc 3 

£. CCT. +^A->^>X^fl:4AC2tt, 4^C0g| 
ft* e« £3S»Mt#E p©»HE PoW2^tCjt^JLTNf 

IbfiACste. 3&©Sfft5$5E3<fc£Sitftl?Ep©igitgE 

t/V>^>^ttiACat 4#©$§ft2$5 £< £3<!oSft 
#E PC0S16E Po<7)2^{CjtWTSfilSS:Wb^O^ 

[0 0 4 8] 

[ft2 4] AC 2 = Ce(l/d)(E4 Epo 2 /4) 
[ft2 5] AC 3 = Ce(l/d) £ 3 EpoCOs(cop- t) 
[ft2 6] AC, =Ce(l/d)( £ , Epo 2 /4)cos(2cop- 
t) 

[12 7] AC=AC 2 +ACj+AC< 

[0 0 4 9] **/V>*8Bl i3-f;t/6tt±^C 

[0 0 5 0] 

[ft 2 8] fic=l/{27t^(L-Cs)} 
=1/[2tc^{L-(Co + AC)}] 

[0 0 5 1] ft 2 5fC*tt*EjEpo£ft2 6\Z 

fcttS £< E po 2 /4«, 2^ro^m*£ 2 lCit^T+^ 
/JmSHOT!. ai9tS20it)Co>ACMOS 
S^T, ft 2 8 £ft 2 9TSan-5jfi<HSC$ffl^T 

ftft«fl2ftAfic©W«tt. ft 3 0<»&o\zmt>tZ\t 

[0 0 5 2] 

[ft 2 9] ^(l + AC/C.) = (l + AC/Co)-" ! =l- 
(1/2XAC/C.) 

[ft3 0] AC/Co=-2A f ic/f ic 
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[0 0 5 3] Et±©J;5K. ±ELC#fi®8S©&«Ji] 
Stft f ic «. ±E+t/V>^>7Cs CD^W^^T. 
S£<b»A C ICttH LT#SH«*»b«A f ic fctt^b 
1-5. ±E£SHaltt«l>l 0 ^ftttSfiEttSt*. 
%Ig2 0*i^t/W5©T, ±Ef«I§32 0«. ± 
E#Sflttft f lc £IQi;H&ftT&*8SHttft f osc 
*#TS»fi»*»*BfiUT»£UTFMttPiai&2 6 
ICffl^TSo C^T, ±JB©<fc5l;:±ELC#SIIII&G> 

* >X^b*A C fctttfj L/T*fi««**fl;aA f i c tz 

»*ft-r*oT?. ±E8SU*i&ftfosc«H*i;:. ±e 

*Ei fcaSS«#Ep©g*tepo©2*fcJfcW-r4fi« 

tyv>^>7MlAC< £-£&©-??, ±B»se^ 

tt. 3^CO^®^£ 3 ii3gat*^EpCOlgitiEpotJt0tJ 

■r<5is«swu*oftjiiS[»ft)p-r3a:to%««jkf p£ 

*-r*flr^S»t, 4&©^@s$5E.,<i:£8itfi#Ep©ig 
lEp,© 2 «l:Jt«-r*JR«**l/*»T3A«iftft 2 to 
p1-&:b^JSJ&ft2 f pS*-r*«^S4lc«tt>T«« 
ft*WSttfcfBSf§^T&*. d©t*. ±E«««c* 
nsnfc$8««<t©H«R<H£tt, «^s 3 ©«ist, 
m^S4co«iii{cjt«sj-r-5. 

[0 0 5 4] ±EFMttBllllg2 6 tt, ±E58fi«^£ 
FMSiSMUbT, 3^ro^«^E3t^sSm*EpCD 

fi«E po ttt«-r*««s*u*o»«» f p ^wr 

*«^S S £. 4 3fc©BS**e4£3»H«#Ep©»IBE 
P«<0 2ftfcJt«-rS««**LAO««»2 f p£W 
tSi^S, ^tmaSff-ffcOy^-f >7>:/2 7 CO 

ss^T i izmti-rz. 

[0 0 5 5] ny^>7^2 7CJ3^T. il£g32 
7 7att, *«Snfc«£Hffl#ESnfc-vEr©«liiflI 
^t. STO$n*0 9 0£#ffi$n&SWt£:£ 
**UTiS£U ±Btt»l**©Wttfti±ES*Mt* 

2 7 8 a(C{iJ;frU 4£6§fciIiS:7<f Jl/* 2 7 
8alt ig£«©ffl*©5fcB«j&#'T?*-5iB#«£E| 
V a | s i n ^O^^Sg^T 3*^LTS^Sdffll8B2 8 

©ttBHt* tmmWZ ftfcSifMl^ t £fftg LT 

©»£g©Htt»£*rt-sffi*H:*«LT. ffittaia:7 
^M2 7 8 b ICW^ U <£*&Ii® 7 -C ;^ 2 7 8 b 

a I cos* 0*S«fT 4 UT«^«W« 2 8 \Z 
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[0056] z.z\-n, n*s»\t±w£mm*o>mwL* 

f pfcWTSfHtT&S©!?, ±E«£S2 7 7 a£± 
IBrg^fl 2 7 7 btt-t-ft-ftl. ±E**P«^£««a f 
p * -5 S 3 1 £ fm b Tfg£ L tz iz * IC ?g£T 
SlMMraT»SttlA«E| Va | s i n<pfctti*«£E 

I Va | c o s ^StU^fS. T &t>*>fiJ2/mjEV a, 

teaim&y a2\mmm<t> 1 3%©ei** t ■ tc^jtsu 

fc«JEECfcS. CIZLT^IC. 3#©t£*s$ E 3 #3lftT 

iO K, *r^">^>^*<t*AC»tS586«ISiEp«BI* 
T^b-TS. S3 0^6f5««t5IC, ±13* 

t^y^>7MiAC 3 ii *S^iftft^bSA fic 
taSteTTSfc-rs. £l±©;:&ft>&. 3&©s§S¥e3 
*tSlft-c&oT^oiErottrot^tctt, *ffi3&ft^{b 
tAfuH^WEpifffi-ettn. sec, 52 

*«#Epfc&*«EVpttn»T3Kfl:t*©T?, 3# 

a> #tcte, ±E*»Pffl*fc±EflM»s»©(fclise0ttoi;: 
K±coj;5ic, 3^co^m*E3^ft©t#lc 

ItiD. tti7J*JEVa,ti, OifcD. ffl^m)EVa 2 
COWfflASn?.. 3^©SISsp£sd«IE©ii# 
tcli, fi:ffi^<i)tt7t»C&oTffl^mjEVa2ttT-f -fx 

[0 0 5 7] g^ftJTO 2 8 », A^atlSWE 

.30 V a . , V a 2 frt>&ftm<t> tmS. I V a | fciRgtL 
T..*«HW»*2 5A»6A*Sn*ffi«fl#t. mJEV 
ai, Vaj, I Va I i, ±gfiffii<J>C05^*e.fl 
^n5n7^-?&T^xyH 2 9©^K®ffl±fC 

as'^-rsAscr^^yu-f 2 9s«wcr*. emeus 

SIT, ±ExW X^H 2 9«S^©JTO2 8 ©it* 

[0 0 5 8] U±.mmVTz£?\Z, ±EHffi««5 Oi 
±1211 4 IC J5Stm^ V p SEPiD bT±E««#tt» 2 

40 JRS2 Ott, ±E*^Si*^tf«^»C«tt>Tfflj6»* 

wsnfc«fi«^t«»UT»4-r«. *icfm«hihi 

K2 6it ±E««flr-9*FMtl[BILT±E»^S > * 

7 ». ±E«n4s^£«ttft f p zm-rz&mfm\z& 
tJ^T±E«nflr^sH«i*«UT. ±Efln»s»ofi 

*ttfc«Lfc. T^;t>-6±E«/h«*S2 aCD3#(D$f« 

* e 3 t±Ess»«Ev D<om<&\zitmvtz\M.ffimn* 

ffl*f*. «£^T, ±E«ttSB7<hfi!l«IMffi!g|52 5lC«k 
oT. ±E«/h««2 aO*tBSJH**AT±EB[atfll 
50 ^**je"r*Ctfc«fcoT. #«/h«*2 a«*ftW« 
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mz&nz 3 xamm® a > ©an&±Bii:8itfi#©<i 
«*.fc#«»R**«£SHtt. ±Boy*i'>7>7 

SWT, 3#©Rtt2$ EsS:^©^!^^©^-^ 
lit Sdc!:fcT££„ *W©#fftt, ^n£#tj& 

s ^ D^jRif oftaTOiT^Aen^^ ;r© 

A*. untttiBfc, 5^D^3RS^7>^A^(b] 10 

tt!j<£<&£©T, 3*®M$£ ifcot/i^. i 
fc, »«*»i!!*|«S|ftIVJfc*^J4, 3&©RSg5e 3 « 
^■©flF^sieA*. *ffi©#ffi£ 3#©R«i$s©iifli;: 

«. eU©cfc5ftgS«#*-5©T. m%.Ztlfz3%.(Dm 
m*£3(cX^^T> ±ER«#H$f2©?&/J^*£2 a 

[0 0 5 9] «±OS*lilKt*S^T«. g^fi^fc^ 

[0 0 6 0] Dy*^ >7>72 7£fflHTlP 

iHK^ST* 3 .^©Rfl^as ©«£©*» 

[0 0 6 1] «±©S#iIJS&t;:*5^T«, Uy{/-f>7 
>72 7 0fflAS*Jll/Tt>4«t. *«WttCinfclS6 
■f, FMttHlHiB2 6*»6ffi*an*f|[«|«^*«!Hb 
TRSttSHSf 2 ©«&/h«*£ 2 a fC&ttS 3 &©Sf«S$5 £ 

HJtUT, am»i««»©x*;Ms--a««fc, JKSK 
tm 1 ±fll«flf tJB 1 T«»flf C^S n*«t o lef 3. 
d COt *®» 1 -LttaflfStfiB lTflJig^© ?*>©'>& 

■f*Cltfc«t0. D»yi"f >7>*"2 7£&fflLfci:# 
COttl^SJEVa (SlBlE«^©*&*fM) ICJtfllL£fiM»« 

ai«-r*i:i:*«-c**. jb 2 ±«i«#at;iB 2 t 

WACO'S ■£©'>&< th 1 -3©gi|@£X^* h5£7 
* 5 -flffc Cli:C«kD, 4#©R«^e, 

[0 0 6 2] <Jg-©^IS#J>B3tt*?g0JIC#.5>Sf§- 

©*tt«©#»jgR«*«je««o«iss^-ry n » * 
a 3 ros-on}SCT©#is^si«$iia^e 50 
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tt, Hl©LC#fi0BK:fW.TUX>h5>h!!fflH 
#Jggg3 0 £«;LT#lg(H]KgB 1 0 aStPUSL&Ci:* 
»IRtt*. £-®^0!iro#«7gg§**n££lltt. 
*^@gSgEl 0 afim©«jStt. ±KE©«*(5igst|SI^ 
CifiESns. W±©«fc5&«tj&l;:«fct3. If?— ©*Jg0S| 

jsw©#«»R«^sisse©*^£iiiBj-r<5. 

[0 0 6 3] H4H R«#tt»2tSfUfet*©ijx 
>h5^hffla»JH*fi«3 0O»rffiHT*D. B 5 fill 

^iBj^^Afc^FHElTafe-S. ±BR«#tm 2 0 4 
t^fiofC. B10>tttt#ttft2£|3|tt. «§¥frfc± 
ItTI^tL, R«ffit!(Ef2©Tffifctt«ffi4*« 

sns, ±t3'jx>h7>hasjp*«§§3 ott. 

*— X3 1i, *«6Wflc3 2 t. 3***4 0 fcCfco 
T#ffi££*l&„ ±E3S#*-X3 1«, Re#tS*if2© 
*ffltS-r^nS«©«fef!Sffigl5 3 3 £«*fcTJgffi 
t, ££:£ft£irabTJgf£;*n3***4 OSitDtt 
tt£fcJ&©PJJg#©?L3 4 &H^.fc±j£®Sr^-rsniS 
KCD*#:^6iCE«. ifc. ±B«fiW»#3 2fi, Rfeft 
ft 0, 3 2©*£±B*fl:*--.X 3 

1 rotttf— X-r«£ 3 IC, -to— »tt±E*#*— X 3 

1 ©±j£H©**SB(caiig$n5>-*. -toteidttn-r 

V>«fcjiffl< fta.fcSKffl^Sft-C, -5-©5fe^(cRm^K 
» 2 0tt<MMt 2 a (C^©«ttffi«^^TLTS«-r -5 
5t®gB3 5£{iA5„ 3***4 Ott. ^##4 1 
mfc4 2 tti'»#4 3 £<§ATtfll&$n, ±B«fiWi 
#4 3 tt«fl£*-X 3 1 <t&jfi^ttfcttffir±E?L3 4 
SI1T4. •€-LT+/L^*4 3ti. &tim#4 4*:1t 

4iit ±Ei#^-^itawi:»«snT. 3** 

*4 0*»±EW#*-X3 lCH3t*n*. K±©«tp 
!ti*l:J:5T, ±iSS®^SgB3 3 if!4 tnmz 

2bl;i^T+t/V/i'>^Cg*«Sn. $fc«gG3 
5 imS4 tO|«lc!*»$n&«««:tt»2 ©^/Jn^ 

2 a(C c koT* J rA->*>XC s *»JgJ«atl-5. 

T, 3 5 ©S»E«a««SffigP 3 3 a*RS#& 

[0 0 6 4] B 3 ICthTJ: 3 C. tt. 
ffiVp*±B'JX>h9>HfflaUPI*«»3 0©^#^r 
-7> 3 1 imS4IC^jD-rsCltlCJ:i9. i/hfi2a 
t««2 bKXSfE«*Ep*»4$1i-*-^, ±B3?SS 
•JEVp^S^m^tLT, ny*-f >7>72 7 ICffl 

8 ±BR«^ttn 2 &*(Di&w±\zm.m 

UT«jfL. »?WIMI«m2 S»6«!>«fPfi|^fi:j&;« 
bT, RH#:ti^ 2 «±Gf<b*tt 3 2 ©Jfei^gB 3 5 t 
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±f2iS#y-X3 lCD«M«EgB3 3 at±Eg§m#iS& 
1 0 afiflffiSSna. *fc. ££|srBfl|ti o a swam 

m$±m<D® i ©assist BtKicman*. 

[0 0 6 5] B6tt±»©J:3lC*J«Sn;fc* + /V;/* 
fiBl t35flSEmai9 £^tf'JX>h7>h£!£J!M&igg§3 
0©«MiBiSfe*-ril»HT».6. H 6 04NESIIS». 
ft'UflE 3 2 fc»JW#T»«±l3»#$--;* 3 1CDR JO 

fS5tt©fflos t ir <t -3 T«*a n*esi«j»©-*«t*#: 

fr-X 3 1 ©±j6ffiT&5M*g®3 6 CtoTiSISa 
tl, ±IE£ig«8©«T&S±fB*'fc$#3 2©$fcjg 
SB 3 5 "Cafe^a^T 3 5 t±iS^y-7. 3 1 ©&f34* 

s fc*t/"«^>^Cgt^LT«i4ICji«SnTV> 

[0 0 6 6] «±©«toic«fiE$nfc^-©*is^j©# 

M*BflM(M&8Be&»T. ±G£WtK9#i, _kE 2? 
U X > h 5 > H3J£K#ig§g 3 0 ©igfr^r-T. 3 1 <k± 
E*S4fca««fiEVp£Blflrr.&<!:. ±Efte#tttt 
2©tt/h<H«2 a t±IB»«*ffi«3 3iti4iOK 
tCffiSTStB«2 btc£ffitm#E p*t»*r-B. ±ESS 
'WW*2 a£±E«*2 b«£%6t>±E!e*«fliEp 

l:<k ^ TSl$«Lt+t;v>^ >x c s , cgflt 
SJ'fbTS. ±!2g?«t^ffia8 3 3 ©&«M« 

©T. +tAy^>XCg>*tAy?>XCs^D 
5£0. SfeS6l^^-rj;o(C. +t/t->5'>xCg<!:4 ; 30 

>t, c s \t\M.&i&ffi\z&z<D-e, ±ess«#« 
&2 Lmm4&$tivx>h ; 7>hmQm#iM$£3 o© 

©WKiiifllT**. 
[0 0 6 7] ±fHUX>h7>hi!^JH&Jg#g3 

0 ©*S^fr (Si < » ibtltz£ o tc;fc©S 3 1 & 
n*. SSC 3 1 Lc(i3fe'JX>h7>h£Jl]£=gig 

3 0©*^tggTS0, v c («$^©^©jgaTS 

0, Yl£, 'Jx>h7>hS!£H#SS3 0©±ffiJJM*: 40 
^-X3 1 t±.m*P>bm#3 2 t&mmm&tM.rztZ 
©^W«8gS©#tt7H = ^>^Ta&oT; S3 2T*2 

n-5. S3 2fC*lt«att*<C^^3 2CDgr 

*0. bfi@#:>r-X3 1 ©^gT^S. Mote 

KSt'WS&s&T&o, £o(iX^*©iim^Tafe-5. 
SS£ft31tt. S3 3 c£jrr*;r tat-?*. £f c £ 
6JCS3 3(iS3 4©i5ic«»-r*c:t3jtT**. a 
oT, S3 4£D, ±E*«»ftLcli»3 5T#A6 
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[0 0 6 8] 

[S3 1] cor-Cs- Ycot(o)r-Lc/vc)=0 
[S3 2] Z=lV<2;c)}v r (Mo/e»)lD(b/a) 
[S3 3] tan(wr-Lc/vc) = Y/(wr-Cs) 
(S3 4] cor-Lc/vc = tan-' {Y/(a>r-Cs)} 
[S3 5] Lc=(vc/cor)tan- 1 {Y/(o)r-Cs)} 
[0 0 6 9] mz. ±E'JX>h7>h2gflM*®§§3 0 
©ft*fijf}£fta> r £S3 ewi^fcSLT, S3 6T 
*£tt5a#«Httft© r tS2 1 r^n^^t/ty 
?>XC s ££S3 1 fcftVr*£. S3 1«S3 7© 

ctSKgan-s. :ct, S3 64". wo «, %m&u 

^2»c32«5E€ffiVp&fiWDUTV^^t^C0 > ±E'JX 
>h7>h£flpi]#iI2§3 OCftMTOtTSl). £ 
fc. Awll ^im#:KSsf2tC32DitSmVpS;EnJnLfci 
#©, ±E U I > h 5 > K $RM|g 3 0 OA^IHX 
Son ri» 6 ©ft *fi««»*ft:*T» *. 
[0 0 7 0] 

[S3 6] o)r=o)o + Aco 

[S3 7] (coo + Ao))(Co+AC)-Ycot{(o)o/vc + 
Aco/v c)-Lc}=0 

[0 0 7 1] (oo>Ao), Co>ACTJb5* 

5. £l±©2:&*>&. S3 7«S3 9©cfc5!CHt)1-C 
[0 0 7 2] 

[S3 8] cot((a)o/vc+ Ao)/vc)-Lc}=cot{(o)o/ 
vc)-Lc}-[cosec 2 {(o)o/vc)-Lc}]-(Ao)/vc)-Lc 

[S39] wo Co + A 0) Co +O)o A C- Ycot{(coo/v 
c)-Lc} + [Y-cosec 2 {(a)o/vc)-Lc}]-(Acd/vc)-Lc 
=0 

[0 0 7 3] S3 9fiS4 0©J:3fc*»"C*. £6>IC 
S40fi> S4 i©«fc 5 fc^-fs:: 
[0 0 7 4] 

[ft 4 0] Ao)[Co + (Lc/vc)YcosecM(o)o/vc)-L 
c}] = -o)o-AC 

[ft 4 1] A f/fo = Ao)/o)o 
= -AC/ [Co + (Lc/vc)Ycosec 2 {(coo/vc)-Lc}] 

[0 0 7 5] &±WmLtt£?\Z, Ux>H5>h!SJB 
#IS8§ 3 0 ©igfty-x 3 1 tmm 4 K3£8E£JE V p £ 

x^b»A c ©A©«$£*-rs i ^Kft-e«$n^> 0 

f^t, ±BUx>h5>hSSIH#iRS3 0©#SH» 
ftfote. J:£+tAy^yXCs0tt^/X^ 
ft*ACCJt«l/T*S«»ft«ft*A f £»*«fcT 
5. Sfc. ±E#Sl3g8«l 0 atftttg$tlHlSfS5(i t 

±ta*s^iKft f o tmcm&8rc&%§&mm®.& 

f osc £*-r^^S«^S;%SbT^^tTFM«ii|Dl 
82 6ICja^-rs. CCT, ±J*©J:5fc±E , Jx>h 
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7>h&m&M&3 0©#gJi&&fott, ±82*W1 KtzZiJy hL i N b Osro^fcfiBT? 2&©St«2g e 2 T 

>x^fb«Acti, »2 7T4Aen^>©T. 3#©$ -r*ctjj»T*. ^oatoBWfiijt-en-enca 

L75^ft^&&a>p£*LT£#«fC£fl:T5*-WV> <fcoT, ^n^n©«/jN®«©#ffi©tt8ga*gfc.g> d t 

5 , >xatiAC J t, 4W1*£, <h£fit«#Ep *«S)-r-5Jlt!i«T*4. 

©SHE po©2!ilCjt0yr-5igill : £Wb^O^i^SSc JO [0 0 7 9] 09tt, #fi^ttffi#Sfc.&g§«#:K**2 

2 cd p€*UT3E#wfc£fcf s+w'tS'^xjefca ^^-«jiJSfi»i©#^ss«^ai^e^fflnTa3tb 

AC«S*tr. lot, ±E5BSffi*tt, 3&©tt«¥ fct#©, •5-n^ f n©ffig{C*5ttSD«/i7<>7>7'2 

o^^ifiisci) p-r&fc-&ji&& f p s^-r-sfi^s 9^^Bje,^?a<t5i3. ^ipi«ft^2©ti 

>-t, 4*rogi$ £( t&mm.R'ExxDmm'E p 0 ©2 4t^-r*s*^^©ffitciAi*>oTSfe*ti»2©j? 

S«*rc*S. aoTHl©S*IiIK©RWfc*HT± ^«JEEVa 2 ttft©mJET?*-5V2S(±l*-r-2). »IP 

jTf •g.^chlCck-oT. mSvW^*© 3 #©Sf«sg e , £ 20 tC|Bj*^TSISft:ft^2 ©JPS^fttcWfCfr^ LTI^ 

SI«-r*Ct*»T*. _3 6fcaK35*C©R«*ei©ji 5«T^^t 3*©«f«* e » !fi«ft-C»S*«T 

tfcl/T, »IMW5:t#Tf5. «. n>y^i">7>^2 7 ©ffl7}SEE V a 2 teIE©«E 

tO 0 7 6] fg-©%fttt©3|:tiHgtt«*M£g1IC:& T&£V 1 SHI*-*-*. frffiP 3«iR«j«:B»2©«« 

t»TI4, ±E'Jl>h5>hSaSB*fi8 3.oe«HT 4 K»r*»frStt:fr©IBfcfia»oT«*fWH 2 ©ff 

^*©T, 58fi»2 0 a©5fifi»»****ISIB©#«' S*lSlC¥ff »C»WLTV»*««T*oT, 3#©tsfm 

«««*aSS«fclt'<*tK<»«r*C:t*«T?* *6»*»jET»S<H«Tf4. a-yi"f >7>7 e 2 7 ©a 

-5. cnjCfcoT, g;*J38E&<!S($:;*:£<f Sdt^ *«JEV a 2 ttft©mffT&5 V 2 ^ttiTJ-T-S,, £<Lh© 

fie*wicjt«bT«to**tf-p*^«tDi«^«ii![ ^-©^M««j©^^m^ffiii^B^ffl^^ 

-C 3 &©R«* ei t, 3&©ff«*Ei;PiE£ft©ti#£:rrsfigtttttt 

to o 7 73 &\zm~ onmmaftmBffin&fflfemm 30 82m 3^©s«^e 3 *<iE©^«t. 3#©st« 

Srffl^fcai^j&iaBj-r-s. 0711 skyom&zm^ ^£ 3 *^©m^t«. □■^•i'>7>7 , 2 7©{ti*i 

fcZ*<y hL i NbOa ©-SFSETfeD, H8te. 07 JEV a 2 ©iEft^SetTffl^Sn-5©T> 

©Z#y hL i NbCb *Sie*IS»2 tUTffltiTSI ®^© 3 ^©St^^ e 3 ©Eft £*ijgijf 5 d 

[0 0 7 8] ia8«> B7fflZ*7 hL i Nb0 3 [0 0 8 0] <S§«#:E®&lcge>EI 1 0 tt, ±a?L 

^Ta«Lfci:*©Xtt±©XO^S©iEJiXJC*tt* &*»W*«© 3&©BM« e j*«iE©d:*fctt. &m 

□ 7i"f>7>7'2 70ttl*tE| Va |i, «*©5 5©«^S » taWflW©tt*£* jJtTCfcfc 

«©«fiffltt»cfo ^1/^77^5. dCT. 58 0, ««W««©3^©R«*e»!fi«ft©t*ttt, 

fiJRSiaitt. B«#K»2C«JBEVp*Rl3!lDl/fct* 40 * S 3 £*flMt*»©teffi£*ii*0 C tSfUffl U& 

©. fl»ftS!B*tSnTHftV>5lfiOTOi: tT*«. ««ffaS»B5*S«©^Oy^HTr**. SKSSttttE 

SlroT. ^©fggj&ji&fct, 5*#»fc«fl;*#:b&^* SgSJRgHtt. BMn«ifiT*J:5l::, ij§«#lll0 2© 

W^>*>X©£fcf::£-pT&{fc-f 5 d 0 8 #®£J¥£^ftT^xi^;M§^©l i0©fi^iC» 

DyM>7>y2 7©tliAiE *TStoS£#T*«fc5CE»Ufc««#7 i --:/l 0 0 

I Va I (J, Xtt±©&Hfc«fcoT-€-ft^ftSfcofcffi ©$ffH*E»S!lStgfi-Ca&<5. 

*»aiAsnTH5. inn fn^«otttc±^T. [ o o 8 1 ] m 1 o <Dmm#mmww&wu, (a) m 

3 ^QRW £ , Atft&i c: t fi* Sfc. % «* f P «*f *XK«JEV p 1 0 4 

«2!i£©?StgJiI&&te. XW±©X0*>6©EftX«« i5 0K»flnT*C£ICJ:o-aBMMM*l 0 2lC^S5?m 

«3mm©ffcBTfe*:ttS£B, -tJl*»6IBn«KfetJ SfEp^4$tt, ao±S£8&«EV p £«2p{g4| 
T, /M*<fcoT<^5. :n(i SI«^K^2tLTffl 50 t LTW*rs3!!aE««9 1, (b) ±CB«^K10 
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2 £^£r*HI°]&gB 1 0 b S«A±E£tt*E V p #± 
EStmttBIl 0 2fcBUDSnfct*lC»»«*»*«±E 

f p tmmttm i o 2 o»io^^i;mlti 
«H»ft#*fcT*f8S«#s«£T*»ss2 0 b 

£. (c) ±EB««^£fl«*«BIUT±EWttRf 
«^tlxTffl*-r*FM«Blia»2 6 t, (d) ±ES 

[0 0 8 2] EJlT0®S:ffl^TSIS#:|2S^IX«S<O«| 

[0 0 8 3] 010 (C^Tcfc 5 C, -h£&Sls!ttffi 1 0 
btt, BWf-^lOOt, 2BI£ttff5 0£. x-^ 
S^g55 5a, 5 5 b, 5 5ci, n< ;U6 t\z£-?T 

6 fc*«*tt«l 0 2 4t9IA.til7.AyiH) 
> ^a!t ^©4i»©^rtt K «t -a T«»»J« U T«J«S fl 
*&±iBBI«^-^l 0 Ott, fiTF©*?!::, 1 

1 0 © 2 a*©fl^*>e.a:-55 i 5?^;nB^«JE»anr 

lr»*. iEfy^MWlfflt^CIt MMI2*i 

±e&«bi 1 0 4 £«*i,fcfi«#Bti 
0 2©— n<D&mi 0 2 bA^simfrKi 0 2©^© 
iffiio2 afcfla^^iRifc^M^JSjpan, ±Exv 
* ;m^# 0 © t * sua. 2 ms^iit 

±E*ffil 0 2 brt>6±fBStSl 0 2 alClSj^o^fSjlC 

i*i<j;5i:»i»i*«sns. S'J^*@ 5 0 n§t« 

©5fe^gB5 0 aStt5«#l:ioTijSSn, ±Eft 
SgfflS 5 0 a 0f ±EStm<HR 1 0 2 ©±E»H 1 0 2 a IC 

5 5 b, 5 5 c tt. »*#t— ^1 0 0©*a«t»3S^ 

5 5a tT—ZfUftU 5 5 b tt, -en-en©*! 
1 0 0©«*l*Ii¥ff»c?a:-5«fc'5lC, ffi 

■3mn&7—7i o os:-?-n-€ r n©R^ffiT?*tf«t'5'(c 

s:i-»fc»|RjlxTI3»E?riBtK»t6ns. 
&gB5 5ctt, *©«*t«*fl£T— y©«*I^It¥fft 
45J:3l:. *^SlJ£«ffi5 0©5feSag?5 0 at^lnjL. 
T^«frx-yi 0 0*H'f^©ffi^TJ¥$ASJ;'5Clli 
^Bftgl-ISlte.n^,, -tUT. x-^«^gB5 5 atf 
-7£8a$5 5 btt, Mlftf-yi 0 OS^fgbTRlf 
£©EE£ -Cft S^tCStt^falCfifrS©!^ 
ScTHItoLT, R«#t— T'l 0 0 €-t©fi^*iaiC»f 

att. 0 0<D&mmi 0 4 — 

X-7&&S55 5 btt. gftfflRl 0 2C«-r-5. 
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[0 0 8 4] 3-f JP6tt-f>^^^>XLSr% 

U *©-SBa*±EM£«i 5 0 <L&£&tr[gfi 5 \Zffl& 

1^-5= K±©±5IC#fiEKgU 0 bttStsK^ns. S 
fcS&fc. Stfit«iH9tt, ±Et— 7«8«5 5 a t7 

-xroc»«snT. ±esjsss 5 0 t. ±!3f-^ 

&tttt5 5 a^LTMMl 0 4 IC^Sg^JEV p £81 
ftrTSHilCfc^T. ±Eff£*&5 0 t±f&7—'?& 
5 5 c ©MIC&li-rSRSftBI 1 0 2 ©?&/J^*£ 1 
10 0 2a t2fi£»f|#E p £fg£S-&5-#. ±E3**«EE 
Vp£S*«^i:UT<£*B#tffl§§5 6 iCtf^T 
[0 0 8 5] Sk±.<n£?lZ®f$,2tLtzPiM®&®l 0 b 
tCfcl^T. S>l£mffi5 0©5fcSggB5 0 a £, &JJMR1-0 
4 £. ±E88S«* 5 0 ©JfcSSSB 5 0a £_kE&lgIg| 1 

o 4 t\z&^>Tmi£nrzmmft%i:i o 2tt*-wv>*> 
xcss^j&ut. ae»c ±sE©«fc5ic3-f ju6tt± 

tE*tAy^>XCs !'M?lJICitManTV^©T. ± 
E+t^^>XC s fc±E=K JU6ttLC#«!a«&S 

a? nt, ?ss§g2 o b&ifWs-rs. fgiss§2 o btt, mm 
mfc&mmts n&fs««^sfgffi lt%± l f Mania 

?S2 6lCffi^T4. FM«sH[s]&2 6tt. ftttftXHS 

*f«. *&. &*§&tii§§ 5 6 tt, H^O«;M>7 
>72 7 5IitI^n, ±ED7f<>7>^2 7 

[0 0 8 6] «±©J;3K:*tf3n&R«#£«BM!l8 
50 StCiJV^T, 3?«I«R9*«. ±E«S«i5 0t. ±E 
t— 7&fSFfH5 5 5a$^bT4IIl 0 4 {X32S5t«JE V 

p^^jo-r^cttcioT, ±Eauemffi5 ot±Ef 

-^«»« 5 5c ©rfllCfig-TS^mft:^ 1 0 2 ©»/Jn 
i*l 0 2 aCJSIItffEpSSjtSWi, B1©I 
*[Hltt©lttMt*JU»T±JfiL/t«k5fc. ±E^S82 0 
b tt. ±E»/hffl^ 1 0 2 a © 3 ^©^m^ e a t±E 
32Sft«;EEV p fcJt«l/fcfi1i«*L/*»'3±E«tt» f P 

5Ba«^*«abT«*f4. uCT, ±IB3^©^m 

t^tctt. ±E««»f p**-r*«^©aipm^t© 

&ffiM<i>tt7cTS0, ±E3*©KS2p6 3*^©SISc 

©t#. r&tj-fex^jwfli^ o ©t^iztt. ±mm 

««Cf P S*t6«tOl*WiOffi«S((. li 0 T» 
4. #KFM«K015IS§2 6tt. ±IB^aft^^«igbT 
±E«/MR« 1 0 2 a © 3 *©R*$ £ 3 t±ESE8tt* 
£EVpKtfc«Ufcfi«Siri/A»0±ES««EEVptn 

50 S ICfiffi^tHS 5 6 tt. ±IBSiS^^^^^Sc f p 
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±MWbffi& 1 0 2 a © 3 &©9i^$ EjOIft tCfcfJS 
LT, 0*?Xtt>r©ffiffi«*«ai*-r4. foT, ±12 
7— -JOkftU 5 5 a , 5 5 b**j^0D7.fcr-F-e[aME-t 

tlCioT. ±Egt«:f- 7"1 0 osr^ff^-a-, 
±E&/J^«U 0 2 a©{£fi£Jffl;fc2!;lT±E{&:fflM<f> 
SftHlTSCtlCioT, &f'JMl0 2a©3*© 
£ 3 ©E£ £±E&*IM <f> ©ffilCck o T&SJT 5 

©E<7)ffl«. ag^mss o^e^jiMi o 4(cfa#>■5;5■ 
^e]£;£-f 5#sti*fi£u 3#©^m^£ 3®twi 
n. ^isi o 4 a> sjffljgmffi 5 ocisj^'5^iBi**-r 

aaSKJtiS-r*. T&toft. ±Eft*/h««l 0 2a 

lit, ±Gtttt#Kl0 2 
^©±E5 f >?^;Wfl|^©C»Ctt, 0»;ttf, ±E«/WR 
*1 0 2 alcitffia#;^lg£T£<fc5lc±E$J£ < i«5 
0 <!:±E&«|g3 1 0 4 fc««fte£l$tof*£«!f©fl-« 

(0 0 8 7] <m-<Dmmm>mi 1 s. s&x©^^ 
0 1 1 <Dm-<Dmffimz>mm&m®m$imm\t. m 1 o 

©J&ffllsIS&© L CftMUJggtCftAT 'J X> b 7 > hH£ 
m&M®3 0 £«AT#l§|H]S&gG 1 0cSI*l/&Ct 
£#$t<h-f£<, 0 1 l©'JX>h5>hI!£IM&Jggg3 
Ott, B44:BI5tc*L,fc»-©S6EJfi«©UX>h5> 

h£i£jH&ii8§3 o tmmzmmznz. st. t— -j 

«ftg&5 5a, 5 5 c(4. ^€#-r-:/l 0 0©iHJ:9 
g n ffi 5g rott^fp) cos $ £ & R fttt <D&fciP e> & 
0. ■€-n^n©tt*S0im#:7 L -7'l 0 0 COifS^lnlfC^fT 
fc ft -Si die. Ux>h5>hS!SSJH*lgSg3 0 

©^M8®ig|$3 3iC*ff6]LT. ±E£ffi8«gB3 3 t<D 

mzmm^-^i o.o&&&Tz&?iz®m*im\z® 

»ibn%>. fLT. ■r—:? r fiHe»5 5 a. 5 5 c 14, J5f 

o os-eog^(fi](c^co7.tr-K-e^f : f^-ti--5. 

[0 0 8 8] fcfc. £«l*ffl9fi. ±C5~:7«#a5 5 
5 atiJX>h?>ham««B3 0 lc£«t«JEV p £ 
WHD-rsctJ3j:oT. £«gB3 5t«l 0 4 ic& 

mzntzmmfcrn 1 o 2 ©&/Mg^ 102a taesa® 

815 3 3 t&JSBIl 0 4{C«|g$nfc^m»Ml 0 2 CO® 
* 1 0 2 bfc£3E«#E p*J54St5. £1t2<Z>\Z, 
m~CO^Jg0ljcO^S#|BS®!^SIC*HT. 010© 
8«#E&^gfi©{4*§&ttig| 5 6 tft/.T, □ y t> 
■1 >7>72 7 a%ffiz_Tffif$.£tl2>. IMu-jt^y 
7>^2 7 afSm^mJEV ai©**(BA3ft5J:5l; 
fl?fi£2n&. &tg@8&gBi 0 c £c]s>£f>7>:/2 7 
a£W©#jf£f4, ±$©0 l 0co^m#S2^^@i 

[0 0 8 9] «±©±plc#Sf££nfc!g=©§£ffi0iJ©£§ 
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«#82S&S?gBlC:fcHT, ±E3*8£«SK 9 *t, _tfB rj 
x>h5>hi!af!#S»3 0 t'r-^fiS«pa5 5 5 a IC 
SffitmiE V p £TODT-5> t, ±ESSm#K 1 0 2 
HSl02ai, *«2 blc£Wt*Eptft$S£T*. 
±IB»/MH«1 0 2 a£±E»«l 0 2 btt£ft St>± 
E£8ftm#Epf£,koTSS«^7J^bLT^WV>:?> 
XCs, CgWElfcti. 

[0 0 9 0] ±EUx>h7>bS£fi#ffifg3 0©& 
g^jS&«, ±SEcO c fc'5{C^/jNffl«l 0 2 aCOStm^CD 
10 mt\Zt?5*r*rrtis?>ZC s ©^ffctCMJSUT^tT 

38fr*. fot, ±!2x-^«^5 5 a, 5 5 c*i 
HWEt" SdtJCfcoT, -f\ 0 0 5-S-COfi^ 

^frtC^fT^ttT. ±E&/h®«El 0 2 a ©&©£]&& 
^AT±f2ffi*SJEV a 2 £8>j;Tf -5 d ilCio T. § 
$M^«1 0 2 aCO3^CO0§m^£3COIEfe&±f2ai* 
«£EVaiOIEftK«t-3T!RISiJ-r4Ct*«T#4. ffc 
toft. ±a>©«fc5{c. v : > ! ^;^#(c^Lfc±i2#a 
a? 0 2 aC0^ScO[p]#^^/±i-r^ct^T^ t ± 

[0091] m-<Dmmm<omn^mmmmmm\z^ 

SCOT. ^S§g 2 0c ®8jBn&ft£B 1 0 COfSffllElSS 

50 [0092] b 1 2 is, m-ommmcommftmmmM 

0 7 a 

-e. ±B'Jx>h?>hffla«ftfiS3 0©$yS«3 5 
14. BgD*il. 6mmCRf!:^5i5i^ntU 

s©t. ±t2^m#^-yi 0 0©X^-h^e©S 

Bif4, ±!2iSgTJ&-5 1. Smm^fffitLT^l 
&. 01 2*»6W6^J:5tC, ±I2^«^K 1 02© 

*-r«»a©iaia3w» i o 2 ©s® 1 0 2 d & 

40 e>SSfl#ffil 0 2©S® 1 0 2 clCf6j^-5^-f6jlc^ffiM 
SSnT^5«^Tf4. n-^^-f >7>7"2 7 a©tB^i 
fEVaiUftTSot, #ffi©[6]#7ji, ±tB*ffi 1 0 
2 c* e.±t2S® 1 0 2 d \Zfati^o^mz%Wmjfi-2. 

>72 7 a©ffl^«ffiVa 2 ©IEfttL-Tttl^$n-5© 

[0093] <mE.<Dmmm>m 1 3 «. ffi©jsffl^jT 

50 *«m=©^Jfifiaj©#S8}gs|Ss^i^se©ffi^S^-r 
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sit mmw&tz>^o\z, e>fc -assets 

n 2 iz&mmR e p zmm? z> t , ±EBi««:Ki|sf 2 © 

fiJfflLT. ±S2g|«#:K»2©^6<j^lCi5ttS#^ 

&mmm<D 1 ^T&ST^^x^&srsyjrr &#$g^ 

[0 0 9 4] 06I£^TmH©*ig0iJ©#ig|Jg 

<t-F2 1t, 3^S!tmM9 t> A-7S7-5 7 
7*-*XU>X58i, $«i$7£. $#|ftfflg|$2 5 

2Hi ^£i£g©#fc:-A£5g£LT, ^mtM-K 
^\-757-5 7i7t-AXl/>X5 8tgBJ^ 
3S^L-TSI«ff^2©-gB^TSb-5a/jN«^2 a© 

Sffiicflaat-ts. 32ggsiS9«. ±tesBj*ig3 t±te 

mS4IC^$nT> ±E!IS#iiMSf 2 tc 1 0 OMHz a? 

*>6 1 0 0 0 MH z cDK»^ro^&»s^r-r-53S«tm 

>X5 8&iYVT±mmm#M.n2(Dwmw2 a©* 
w\z%.ymm-$ z> <fc 5 ic^ig-rs-T?. ±t3a/h^ 2 

aCSICioTIStSnt^*- *X1/>>C5 8£ 
ifc&S-^rU ^±E£^JEVp©fiiii{;:ifc0iJt,;tfi 

^% : £-?z>mnz-stiiB^\z£-oT®m%zffl2titc.yt}i 
-k^-vhz. ?tm^i§5ia. AT^n-ast^ 

mSS 5 2 UTmmfi^ffiSgE 7 0 ©?I^f§ 5 3al: 
[0 0 9 5] ±!B$«gB7tt, ^-v/lv-^gBl £-5-©^ 

^fflXtt2&7c:frfflK:#E&$ii-S. 

WgB7ICi-3T. Z.<D£o\Z®W]l£nZ>Z\t\Z&<)^ ± 

ftft£-At)m$i$tiz>wim&&m2<Dmfrfcig2 a *t 
i^7t^ffi]X[i2^7c^r&]ic^»j$n-5.. a«$«TO2 
5tt, ±E$iJWi^£fg£T£> title. SgEfWfflHH?- 
lefcfjg 1>±EK«#K» 2 »)8/hffi« 2 a ©g»&g£ 

[0 0 9 6] ifc. *««*fflS«7 Ott. 4HI8 5 2 50 
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t, Jlg8fgfigg5 4t, fg£g§5 3a, 53bi. 
i?1>7>72 7 t. g|7KMffilgB2 8 i. t^X^H 
2 9ilCckoT«^Sns. AfB9SS«5 4«, ±E$ 

5 3a t jg£g£ 53b (Caj73-r-5e S££ 53alt *tf 
T, ±£«ftfr9<DH&0^±EAffi£iBffl&ftg)fti,!: 
5 9 afCtBTjT^.. ±Ef*M7^M5 9a 

fgfi/f&fe©^©^&&£^T£fi-f§©*£jiii£-t»- 

T. Dyir-f >7>?2 7 ©«f T 1 iCffl* n. -7J 
S^8 5 3bfi. A*Sn*»lp«-l»t±E»«»lg« 

fiM&8©ft<hg©^&&£#T£(§^i;:J38cS&&b 
T, ±IB©^aig7-<;U^ 5 9 bleftTJ-fS. ±IB#i^ 
SiS^^s 9 bis. ±GVPA90!>jqS[ft f p t± 
E»tt«SW»*©i&©H&ft£:rr*fi*©#£aii 

S-frT, Dy^-f >7>^2 7CD« : ?T2lrm7j-r-&= 

-r x/H 2 9 «. m-ommmcDitm&mm&mfem 
mtwimzm&itsnz. 

[0097] &,±.<D&o\zmfci*nt^=<D%mm<n# 
mmmmmmMmmz^T, ±tmn&M,m 2 te. % 

0>*>WH«2 aO^STSItSn-S., £©££JtE«* 
#Kfl 2 ©7fe©K#ti¥5 R IS. ±E0t«#:tm 2 ©S^^ 

±EB#f^ n tt, ±ESI«#:ti» 2 cogim^ esiXS 
[0 0 9 8] 

[»4 2J R= { (1-n) / (1+n) } 2 
[8SC4 3] n=^ ( £ s/eo) 

[0 0 9 9] *fc. 2S!«£««9fcJ:> 3 T. 3?HSS3i 

s@ 4 \zmfe& f p swr^iEKjftTS-s^^mjEEv P 

SrWiD-r-Si, ±ES§^tS^2CDJp$^|6jtJpfrlC, 

±E3?^m£E v p ©glue it 0j btzMm t±m&mmi£ 
v p omfcrn f p tian;««»*wr-siEK»T?*«x 

swRit aKg-rsipic^sitit^Eptz^UT-g-n 

Z>. Z\Z.-C. 3tffiW£V vWmtQ-£tlT^fc\,*£g<Dm 

5Tat3-rc:t7)tT^^„ 

[0 10 0] 
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[ft 4 4] n = no + An 
[ft 4 5] R = Ro + A R 

[0 10 1] £IC. »4 4TSSn5IJrfnift4 5 
[0 10 2] 

[ft46] Ro + AR = {(l-no)/(l+no)P[{l- 
An/(l-no)}/{ l+An/(l+no))] ! 

[0 10 3] ±Effitfr$^fb»An<no750 
ffltff^ft;fiAn<lT*-5W-e. (An) ! = 0tt ifl 

:t* { T€5. £l±©CiA^S:4 6a»:©S48fflj: 
™«ARiiSc4 9, ft5 0<D£3\Z&t>TZtifi"C 
[0 10 4] 

[ft47] Ro = ((l-no)/(l+no)) 2 
[ft48] Ro + AR = Ro { 1 - 2 A n/( 1 -no)- 2 
An/(l+no)} a? 
[ft 4 9] 

AR = Ro(- 2 An/(1 - no) - 2 An/(1 + n»)} 
■[ft5 0] AR = -4Ro An/(1 -no 2 ) 
[0 10 5] SW««3 t««4fc3g««EVp 

SrgPftrtSiltCJ^T, ±EStm#tS$f 2 0>«/hffi*£ 
2 aKSE*«»Ep*58±$-a-3»t. ±E3»lE*#Ep 

£ sot1-*t, ^m^e sf3:*coft5 n?g|fr-f££ 

SSfc, ft 5 lTg$tl5ii$£ s 30 

zt, &ffim&v vftmnaztuttgomttmi. ft 5 

[0 10 6] 

[ft51]£S = £So + A£ 

[ft52] no + An={(£ so + A e)/£o} ,/2 
[0 10 7] ft 5 2(Cfe^T. A £<£ soT& 

£<0T> ft5 2«ifi{H£ffll<>Tft5 3 ©<k 5 ICSt^-f 
£ g 5 3(C*3V^Tft5 4T$Stl5IJIr$ 

no£ll^tW$»kiAnit fit 5 5 ©J: SIC* 

[0 10 8] 
[ft 5 3] 

no + A n = (£ so/£o) ,/2 ( 1 +(1/2) (A e/e so)} 
[ft54] no=(£ so/£o) 1/2 
[ft 5 5] An=(l/2)no(A £/£ so) 
[0 10 9] ^IC. ft 5 5TS$tl5M$ttiAn 

£ft 5 0 n*E»**fl:S A R Cft ATS £. £ 

Pttli r«, #©ft 5 6 T?*fc"T**»Tr*a. 

[0 110] 

[ft 5 6] AR = -4Ro{(l/2)n(A e/e so)}A 50 



#i¥8-7 5 8 0 6 

n/(l -no 2 ) 

[0 111] 4i»©J:5lc. ±EBI«*«'fb»A 

*©*«3e#jeftT***--^Rg*fflV»<&t»5 7 CD 
.fci ::t, ±Ejtfy^XSg 
ftr «3^(D^m^£3CD-aTS0, ±fB#-5tftg 

Tabs, s&i:, *o»5 7i?«sn*iifi*acft*A 

e *JSV»*>£»5 6T»Sn*Elt*SEfl;«ARtt. ft 
5 SCDi'SICS^^-r^tTJS-C^^.. ft5 

8©stt*«<b*ARtt. fts 9-ea$n«)32cStm#E 

plCJtWT*K»*«fl;*ARi £ft6 Org£tt££ 

wmM e p co 2 m iz it err s w^-fbs a r 2 4 m v> 

5t, ft6 l©J:5fc3lto-rca:#«T?*5. 
[0 1 1 2] 

[S5 7] A £=-(£ so 2 /£o)(r Ep + gEp 2 ) 
[ft5 8] 

AR=2{noV(l - no 2 )} Ro(r Ep + gEp 2 ) 
[ft59] AR, = 2{no 3 /(l -no 2 )}Ro r E p 
[ft60] AR 2 = 2{no 3 /(l -no 2 )}Ro gE p 2 
[ft 6 1 ] A R = A Ri + A R2 

[0 1 1 3] ft 6 KWWfclARB 
3SSitS^E p CJtWTSfll A R. £3S^m^E p CO 2 SI 
fCjt^JT^>«AR 2 COfa©^e*$n^„ ^c»T> SIS 
#tt»2©*/.MW«2 aOSW^blARIi tf-y^r 
^XJtft£3SSK£#E pcOjgipgE PofCjt^jrS^ipS^ 

^SARit. #-5tfti£Si!«^E p©IP§E p 0 © 

32*Wfc*fl:-r*R»*aEft*ARi**trw"Tr, ±E 

£±IBE»*'*fl;*A-R2 l;Ml/T3IIA«t5. 

Sftt3?Mt«^E pw^itiE po ettMtefii&ti/ 

t, #-5£ft<h£i3&m#E pOjgigE p 0 CD25ieJt«sj 
[0 1 14] ±E%«X£|g5 lte, ±E^g^H$n 

ftwp-rfcfc>£rai£ft f p£*rr*<g#ss £, #-5t 

ft££fftS#E p<OfiffE Po0 2«i;:JfcWr*»H£ 

^ru*^^^ftft2 [Dptab'SSiS f p^irti,! 

bTZI£t§5 3 alCUi^-r^. ±E8£«5 3 a (4. A 
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5 2&fti,TAJii£ti2>mi5.mnt&m£LT. ±.mm 

7-f 5 9 alCta^-T-5. ±g2»«ilig7^JI/^ 5 9 
ate, ±£«fttt*0fl&ft£:±ffiMI.KR8{g^G!)jq& 

*T*fi^Sitt. ±a?L-fc«fc'5fc:, jflyfr^afcRi 
SfiSS^E p<Z)fii|lEpolCj*0yT-5&i|@£#bT^S 

[0115] -^s-&g§5 3 btt, xtiztizmmiMn 

W***iftUT. ±E»«ia7YM5 9bl:tBAt 
S„ ±S^ffijg7^;i/^5 9 afi, ±ES*P#-P|©^ 
f p t±IE^gB^S^&gcrofpt^cD^ife&S#T 

T. Dv^-f >T>-?2 7raJS^T2{Ztil7J-rs. 
[0 116] 0-y57-r>7>7 , 2 7 te, STTlrt^A 

^HTHMMl/T, Hia«E | Va | s i n<f>£*g^ 
T3S^-LT3S^tt»«2 8tttl*U ffl7J«;JEE | V a 
I c o s £^TT4£;frbTg7K3ifflgB2 8tffiAf 
£. J^&gtf p t±IB^8B^Jg^o^&Sc9^CD^& 

*iEpoicjt^)-r-5)Si|e$-*Lfeff-^-e^-5roT, a* 

e projgiHE poJcitCTLfcmjEtc^:^. 
[0 117] JfcJc, «^$iJWgB2 8«, AA$n-5«JE 
V a i , V a 2 a>6f£fflg« <t«JE | V a I 
T, $$3sfflg|5 2 5fr£A?J$n-2>&g{I*|t 1 f&EV 
a.,Va 2 , | Va | t. ±Effiffi2E*W5'6d»6ffl 
Sgn5A5^-^S;f^yH 2 9±tcg^-r^> < i 

9 «*^$ijffligB 2 8 ©m^tc^o t, s§a#tm 2 <d& 

filcmSti-T, m£EVa, iVa 2 t I Va I £±E 

&*sm « (o 5 *. e. fife $ ns A 5 / - ? 4 2 ¥®- 

10 118] ^Pfc&LfcJ;^;:, fttf-ASHItLfc 
3S«#K$f 2 ©SM\®*gE 2 a(C3SSii«^-E p 



(15) ftfflW- 8-7 5 8 0 6 
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mm 2 a<D#ytr)\,7>fe&£±m&mni£Vp<Dmm\z 

«^tLTS*frs. *l:«Ig5 1il ±Efa« 

a <D# v >r )lXfe$kt±.W&Mm,B. V p roSiHlcJt^J L 
fcJg"|g£:£b#o±E£ifft3EVp fpS 

7>-/2 7li, £*W&-9fc«-^T±E*$S«**m»| 
i0 Mbt, ±E«/h®«2 a©3#y^;i,xj£jgc<»;±E£ 
M«£EVp©tgi|i(iitCSJbfeilffi!ff^$ai^t--5. ft? 

-.£.©]lMtffi«£jeSLT, ±EB«.flW£«.£?--5 d 
iClicoT. fit/hfS4gt 2 aCDtfy^XJt&Wjg^Sri 
aait«t«^©ttfcJ:-3T«ffl-r-BCt*«Tfr5. 
-hEjtfydrJUxjgfttt, 3^©g|«^£, tf^D< 3PBP 

&n*r»Ttt. #y^XJSft©tttt**<Ji&.5. s 

^T, ±E#->-7-;i/*5£&a>»/jN®*fc2 a It* It 
[0 1 19] £t±©JB=(OSIJIi«Cfe^TJ4. ^j£&f 

•So 

[0 12 0] <»IH<0£«0!|>BI 1 4(4. IglHCDIIlSgfiHJ 
J6CJ©#«8^SIS«JjeSSi:S^-5Blftt, US 4 left 

Ki(Sf2 iSBj^4 atffi*gB7 a ^Sig-rSS^T 

[0 12 1] £TF\ ESSffl^TmiaODllSW©*!®^ 

mmm&mfe.mw\t. mi 4\ztr?£?\z. bhwhjs 



(16) 
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—tf***- F 2 1 t, 3^Sg®!lg9 fc. ^TO7 a 
$«t8iiJffllgB 2 5 ft«g&g§5 1 fcj&>&fc*Bjfl#a 

-zmmztiTffii&ztiz. u— tf ^ F 2 i m 

3£ttLT«*#tt8 2©-8B#Tfc**/MHtt2 atC 
Bit?-*. £%*H9f3. J:12awm&3<!:BHJ!mB4 

cfc o t. ±i2ss«ft:K*4 2 (om'bmm 2 a cr^ft f p 10 

V p£SqMI^fcl,Tfifc8 5 3 b Kffl^-f £. H d 
T. ±f2^8[ft f p tt, 1 0 OMHz*?, 1 0 0 OMH 

z <Dffl<Dffife<nm'&mzm%.2tiz>, ±teai® 

«S£r*J;'5lC±ffi5J«E«BEVpt|B|i;«aft* 

3tt-A»^S3t«*«bT. ±ffl£ffit«JEV p tRi; 

B«£*rtSB^<££tf«a«^*58£l,T. «H«5 
2Sr^-LT±l5/l^§§5 3 al-m^-T-5. ±lH«BgB7 
ate. jgBJ!{*:#>6&D. A°->^gg 1 S^co^ffi±fc 
SiLTSftL, *>^>St«$iJTO2 5fre>OfflWm^lZ 

jt&§LT^^/i->^ag i su— tf^-r jf-K2 ia>e>© 

3tt-A«)Ba»*|ftU;»UTSita:*l«T1^7C*lftiX 

H2^7c*i^t«ma-e-5. *-wv>*«ij&«ttifi«7 
- $ n&viwmn 2 owm® 2 a # 1 #tc 

^^X«2^7C^r&][c:^i!i$ns. ^#}0Iffl)gB2 5tt, JO 
±BBWWfll^S«*-r*tt'bC. 3KBB«^l;:*foS 
b±l2^m^»2 ©|»/hBl£2 a©^*jttB&^1"& 
BB^£B£LTBjS«W«2 8 ICcti^f*. 

[0122] £x±<D£-o\zffii&2nit. %m<Dmffim<D 
nmmmmmmmmmiz^x, ±iBBta#tt» 2 ic. 

wmtzt, ±mmm&un2(om2jjfat¥mz, ± 

EX*«EEVp«>a*K:lt«lbfcWBt±IB«*«BEV 

p ©ra&ft f p 1 h i;HBft*5rr e p 

±T-5. cntCcfcoT. ±^ro t kolC. S^S-ftftA 40 

Kft®Rtffim#fflft2<Dyt<Dmj&&Tt<Dffl\Z\t> ft 

¥BfcBAT<Dffll;:tt. B6 3lC*-4-BMS*»»*. 
[0 12 3] 

[B6 2] T= 1 -R 
[ft 6 3] A T = — A R 

[0124] ft6 3 tft6 l^ene^ttjcdi:. ±12 

aa**ft«ATfi, #-:/^XJgft££8iEB#Ep© 

s«Ep.fcikwr*fi***L3&>"3AfflB»<i»p?e«- 50 



8rBB¥8-7 5 8 0 6 
B#E p©fi<@E po0 2^JCJtW-r<5lS*SS#L*0 

2 co p **urs!#wt«Yb-r*aa*jEft:* 

y^l/XSeSt^BBI^E pCDigifsE po (CJtfisj-T-Slg 
iBS:* L3i>t?AB»»a> p -TfctoSfflRft f p 
B^t. #-5gft<b25it«#E pCOffii@E po©2iitlC 
JteUT^lIffiSW L;?J>t3#J3&ft2 cu pTftfcSSBft 

f P**-r-5B^lC«toT!SS^IIIsnfc3ttf-AB^ 

[0 1 2 5] I^T, ±E3tt-A«^S3t«*»U*: 

««b^* jBsosttM* t ra«^jfla*-r * n t ict ? 

T, £B/hB*£2 a©#5/>r;UX^ft©avsi£±iaieSS 
I'. ^*^IS^2co^c7)ai§*T*tEnilQ^n-2)«^Ep 

[0 12 6] K±©»BHO*««fyiC*^Ttt. /SJ&ftf 

^Bj«cn(cK?.-f. Ji&ft#2 x f p-r^ssM^ 

8>jTi* S ± 5 \zffij& LT t> J; K 
[0 12 7] K±©S=<t»B©*«fl!ll*JHTf4. O 

JUXjtftifeiUJt-r^j: 5 ic LtfeiK c©«-&tcfe^ 

sn^titi^cD55^5MSf p©m^©#.£jg& 

WIC5iS-r-S«®fij@7't';i-^i:, 10 OMH 2 ^61 

0 0 0 mh z <Dm&®.&#-rzmmD&M%mfe-rz* 

*KJ:^T. #yer;px€ftt3!:ilB*Epofi<BEp 
Sfc, J^iSft2 f p^tn 

B^©*«*««fc5Bi/Ta*-r*B*aa7w;i'^ 
«±©iotcLT, ±a©^H©sufi^y©*i»^si 

[0 12 8] <BEOSE»W>Hl 5 [4, ±^©3i)c© 
BB^es^HSlC&BWRl 0 2 ©»ffi©|6]^tcJ;o 

^ JUX^ft r ©Eft C t 
H©HJg«aj©KB#aB&^BSB©*Jfi09Ta&-&. 01 
5 ©SfBttffi&KBgBtt. Sim^x-^l OOt. U 
— !f ^ K 2 1 A-757-5 7 t, 
XU>X5 8i, ^tt!!19<>:. x-y«^«55 5 a, 
55b, 55c, 55di, 5 1 t . fiffi^ 

m§§5 6 ttCct-oTtfififcsn*. Ktftf-yioo 
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*>fc2>&m#mi 0 2 ^ U >{fl3.£<D& 

%XDj5mz£.-oTB3LL> £ 6 IC±f3$f«#:|8l 1 02CD 
±IC I T07i<h*©S9mffi 1 0 3 &WA.&Wy 9 'J > 
^&£©&»©;£&K£oTJgJ&LT;|8ji££tt3. 
■tf^-f*- F2 1I1, ffi£fcgO#k'-A£fg£LT. 

T, Si^b-A^giM 1 0 20-^T*l>a^ 

>X5 8H ±iBftt--A£igl|#I£fl2©»/hg|$#l 
0 2 a tfi8»TScfc5(C*3tt-^. 3:7c. £ffifmiH 9 

x- :/«8«5 5 ctv—-7&m&5 5d\z3zmm 

EVp^BIjlD-rSClilCioT, ±fB^#|g|l 0 2 CO 

/P£*fttc£^«#E p ±ta^sss 

EVp£g^^<hbT&ffi&ttig§5 eKtH^-fSo A 
-7S7-5 7I1 1^— tf^-f ^*— M 2 l^SrT-Sft 

¥-&tf±.mmmttmi o 2©^/jn^i o 2 a©*s 

tcTO$-arSJ;5fc^j§-r-5-^. ±fB«/J^«l 0 2 
a®^aicioT£tt3ft75:&7*-;*jXl/>x*5 8£ 

*^^tf-Aff^^^^Sl^5 1 lrSg*f-r-5„ CZ\ 
±f3£ttft«, ±IB3^StSJIVp tiwiu^sisc^ 

u fr^±m&ffins.v ptDMmzitmLrzMm&ft-f 
im^^tsmmz^^x^mmm^nrc^-^m^ 

igt&S^U ^±fB3^®JEVp©jgiiI[cJt#Jb;fcig 
5 6 (Cffl^-r^o 

[0 12 9] x-:/£J#gB5 5 a, 5 5 b, 5 5 

c, 5 5 dit, -zn^nmrnftT— -?\ o o<Dm£K>& 

x-y«}^g|5 5 5 a ty—7U%f%!>5 5 bte, -^n^tl 
COfft*^^^^-^! o 0CO*5^|Rjt^fTlC^-5«i:5 
13. Ti^^m^f— 0 0£^fti?ft©R^®T»t? 

K. x-^JfgE5 5cif- 7"«^g|$5 5d«, ^-n 
^-"ncoffl^sitt^T— 71 o Owits^(Pjt^ff(w?S^J; 

olC. ^t^m^T— 71 0 0 ^-en-ftlCDR^ffiT* 

It^rojt— ifc-rsj:?!;:, fro?*— ^xi^x's 8j5> 
fi o o cofi^ ^r&iT^ff Wtgic, sv»ic-f-os^i$j 

T^COWd7 t cttBinT3£B-r-5x-7'«^ 5 5 a, 
5 5 bif- 7flMffiB5 5 c, 5 5 d IC<fcoT&ft£tt 
So CCf, r— 7#ftS?5 5 c fi. SWeffil0 3l; 
^SiWfc&ftfeU x-^ffi^SBS 5 dtt. ^111 0 4 

izntzmzmmrz. -eur. x-^^sbs 5aif 

— ^«^gB5 5 btt, fjftt#x-7l 0 OS&IStTfitf 



( 17 > 8- 7 5 8 0 6 

5£©JE*Ti¥;L;&aie>, E.WZKftJj\ti)lZffim<D®1fc8. 

tehkut. yi o o*-to*^i^jk:gfje 

cox tf-KT^ff £6 in, ffiffl&tbfg 5 6 ti. 

y4"f >7>f2 7©ffl*«BEVai. Vai*»6»4* 

[0 13 0] H±ffli5l:i*Sn&. ^HCO^Jggijeo 
^mftfB&S^gBIC&l^T, ±iBR«#x— 7l 0 0 
3tt-2.*BH»"r*t. ±B23£k'-A(4. ±fBS§* 
ffil 0 2©»®TK*f£n, ±fBS#t^Tfe-5)^t:*- 

\ZtiZ>, 

[0131] ±tB^«amii5 is, ±mm^msn 
«»e p ©she p. cjfcw-rsiiwswL/^oftwft 

f&cop-ffcfe^fflggcf pSftliMt, 
3?«.«#E pCO^ifgE po<0 2«CltWrSSi|BS^rL' 

5. ±fB&ffl&{iit§ 5 6 14, a6«MWc*^>T3R* 
mft^co^^, tfy^PX^Sr <h$flitm#E p(7>IBW 

a«#Ep-r&*5-fe3285S£EVpi:jS»ffi-r^bT«. ft 
ol. ±IE#y-r;WX5£&ra*IE©<i:£, ±fB^i£& f 
P tt*C&*. Ft* 

IC, ±iB#yx^X5£$cr/^J|CO£:#, ±IB^iS& f p 

**-r*©*t*qi#^offiffiis*tt0'r»*. rut) 

Xf40CO<5jn*^tffi*$n-5. ^ SIC, ±§35r-:/£8 
SB5 5a, 5 5 b, 5 5 c ti^T. ±B3«/h*« 1 0 
2 a©fl:«SIBJ*:XAT±Ettffi«*t«3£-r*C:tt 
<fct>T,.**/h*l*l 0 2 aCO#S.yr;UX5£&rCOIE^ 

^«0|6|*IC^*UTV»50T, ±32#«/h®«El 0 2 

^i o oizmm-zwz'rvfftmn&m&w.zzttf-i? 

[0 13 2] K±©^E©*SS«SJT«, SWTtT^S^ 

[0 13 3] Sfc, ±Sfi©«-t*S©*ll«©R*# 
(a) PbTiOj-PbZrOjCSgftT^PZT 
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(b) PbT i OjT?*;*ns^>&iB. 

(c) PbZ r0 3 r^$tlSi/JUn>S?SJ. 

(d) BaTiOj^Sns^^A'iJfA. 

(e) L i NbCbT^ttS-^^'J^A. 

(f) IS (Pb) , 7>*> (La) , x;Un-^7A 
(Z r) , 3^> (T i) &CO@®#-e;fc£PLZT« 

». 

(g) b'XVT. (Bi), th'J^A (Na), ft(P 
b) , A'U^A (Ba) »OB»*T?*5BNPB8ft 
fci:©lSRm#*m. 

{tt'~ Ux> (PVDF) . 7-y-fbf-'Jf : >i:H7-y 

[0 13 4] ±iC035-tJSH©*lfi«©Jf*#: 
[0 13 5] 

«**W£8«K:<fcn«. ±E$1 2 0«& 

<B^«H«*«Hl,T. ±E3**flM*©Httft<!:±ER 
««fi^*ffl*U, ±E«m«^Cg^T±ER£# 

[oi36] ±eh i ®*«ta9!tWBta»'&fc-B 

lxT±ER*#<D*/MB*|;:3te £- A €flBtt L 
«$'^«©#i8ijeRS$<h±E3Sffi{g#©Ji&|&{;:ft 

(0 13 7] *&. ±E3!«*e^K«tJ^T±E*«« 
*£fflJW**LT±E*»»*C#«L;fciett«^fctB , 



(18) #i¥8-7 5 806 

[0 13 8] ±EfS2©*ffi#±ER«#©£ 
2 ©ffi±£?62E-f ±E3tBB»*ac 

* 1 ^7C*f6JXtt2^7C^(njT^lii-r-2)#l)j^g$ex 
fc©T, ±ERm#©?&/J^*iS©&g£^x.T±Effl£ 
S-rs^ilCfc-aT. ±E&tt/JMRttft<2)?|;i»ggi«¥ 
V>W$ft)ts.2tfc$:mfeTZ>Z.ttfi-Z%Z><D-e. ±ER« 
ft©#^R«3S©ffl*fW&5 £ D®MS»5 

[0ffi©ffi*&l5jBj33 

tig i ] *mi\z%%#mi&%iw&m%mw.v>m*® 

a? [0 2 3 IlfflD^l"f>7>y2 7 0ilS;|M 

[a 3 3 *&w\zmz%-<Dmm&i<D$mMmw,mm 

[0 4 3 *^IC«-5>^-©HJg0iJ©#^Rm^a 

[053 H40iJX>h7>ha!fflB*«S3 0*R 

[063 H4 0UX>h5>hS!fflH*S«3 0*»R 
.?<? «#tt&2{C&Ufc<k#©^Wl->*ffil £2£^®lg9 
£^tf*«lHlSS© 0S&0T& -5 . 

[073 H8©«&B*£»-5£*fcfflV>;fcZ#y h 
L i NbO3*^^-5R«^tS»2©5pM0T&S. 

[083 H7©Z*yHlNbOi*64*8i# 
lift 2 IC*3tt-5X$ft±©X 0 ftibCDmmXiZ&tfZn-y 
4"f >7>7"2 7 ©ffi^ftJE | Va | t. %S«MiS© 

[0 9 3 #&®fttt:Pftft«£*&OTSR«#tttt 
2£03£i$l;:^Lfc®f®0£: < SKJWBBCaWfcUTai 
40 ^figT*-5-^n-6n©®^lC*5tt^D.yi7'r>7>7' 
2 7 ©ffl^mffV aiOjW€«***fy5 7T»4. 

[0103 01012. *&w\z*z#mj»m*Lmmm 

[01 13 m-©HJS0iJ©Rl:^E^ttKgg©^ 

[0123 m-©njfi«3j©Rmtf mmm.mw<DM%. 
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